INTRODUCTION
at AWIRS farms. Pigs from AWIRS farms handled by driver B displayed a greater percentage of turning back (P = 0.01) and slips (P < 0.001) during unloading and a greater (P = 0.02) frequency of falls in the stunning chute. A greater (P = 0.02) reluctance to move at loading was found in CON pigs loaded by driver A compared with driver B, whereas a greater (P < 0.001) reluctance to move was found in these pigs at unloading when they were unloaded by driver B. Drip loss was higher (P = 0.003) and pale, soft, and exudative pork percentage was greater (P < 0.001) in the LL muscle of the heavier AWIRS pigs. The GHO principle was best correlated with pHu (r = -0.75, P = 0.01) and Minolta L* value (r = 0.87, P < 0.001) of the LL muscle. Overall, drip loss variation in the LL muscle was correlated with the frequency of slips at unloading (r = 0.63, P = 0.001) and in the restrainer area (r = 0.74, P < 0.001). The results of this study showed that the quality of the raising system and truck driver skills as assessed by animal welfare audit protocols are important sources of variation in the behavioral response of pigs to preslaughter handling and may affect pork quality variation. However, the different live weight between CON and AWIRS pigs may have biased the meat quality results in this study.
respectively. In Europe, the Welfare Quality (WQ) protocol (WQ, 2009a) has been developed for the animal welfare assessment at the farm and at the slaughter plant.
According to Grandin (1993) , to have quiet handling, it is essential to bring easy-to-handle pigs to the plant. Raising conditions at the farm are considered a major source of variation in the easiness of handling pigs commonly observed between batches of pigs at the slaughter plant (Grandin, 1993; Grandin and Vogel, 2011) . On-farm animal welfare audit protocols, such as those developed by the WQ and the Canadian Pork Council (CPC), may be valid tools to assess the quality of the raising conditions at the farm of origin and may allow the consistent delivery of easy to handle pigs at the slaughter plant. However, on-farm audit scores were never matched with handling audit scores at the slaughter plant to assess the efficiency of these protocols as tools to predict preslaughter animal behavior. Furthermore, overall, it is not known whether the respect of the animal welfare audit criteria set by these audit protocols is conducive to high and uniform quality pork either.
The overall objective of this study was to assess the relationship between the animal welfare conditions on farm and preslaughter behavior as assessed by audit protocols and pork quality variation and, more specifically, to evaluate the relationship between audit scores on farm and at the slaughter plant and their impact on pork quality variation.
MATERIAL AND METHODS
All experimental procedures performed in this study were approved by the institutional animal care committee based on the current guidelines of the Canadian Council on Animal Care (2009).
Farms, Animals, and General Preslaughter Procedures
A total of 4,680 crossbred pigs of mixed genders (barrows and gilts) were audited in this study. On both farm types, animals were of the same genetics and were fed the same diet. Pigs were raised in 12 growing/finishing farms belonging to a swine integrated company located in eastern Canada. Of the 12 selected farms, 5 farms (A, B, C, D, and E) were classified as animal welfare improved raising systems (AWIRS; n = 1,943 pigs) and 7 (F, G, H, I, J, K, and L) were classified as conventional raising systems (CON; n = 2,737 pigs) according to the swine company internal audit protocol. Farms were classified as AWIRS based on the company audit protocol using the following animal welfare standards: antibiotics and growth promoter-free feeding, minimum space allowance of 0.85 m 2 / pig, mandatory presence of bedding, use of trained handlers, and frequent management operations (i.e., periodical change of bedding). Furthermore, according to these internal standards, pigs must be handled quietly (no loud sounds) and firmly using paddles and sorting boards to reduce fear and improve animal welfare. The use of electric prods (EP) in this housing system is prohibited, except when animal or human safety is in jeopardy. Conventional farms strictly met the animal welfare legislative requirements, such as more confined housing on partially slatted floors (ranging from 33 to 100% of slatted floor) and lower floor space allowance (around 0.74 m2/pig). Furthermore, AWIRS farms were a wean-to-finish type, whereas CON farms were a grow-to-finish type. A description of housing facilities and pigs' performance at each commercial farm within farm type and between farm types is provided in Tables 1 and 2 , respectively.
Pigs were withdrawn from feed for 16.3 h ± 2.6 at AWIRS farms and for 14.3 h ± 2.1 at CON farms before loading (LO). At LO, pigs were sorted out from the home pen in cohorts of 5 to 6 pigs and driven through the alley up to the loading ramp (walking distance: 39.8 m ± 11.5 at AWIRS farms and 45.7 m ± 7.7 at CON farms). A total of 24 loads, in terms of 2 loads/ farm per wk, were transported using 2 similar pot-belly trailers but driven by 2 different drivers (driver A and driver B). To avoid the confounding effects of handling and driving skills on the audit results, driver A and driver B were rotated between farms and between loads within the farm each week. Transport distance between AWIRS and CON farms and the slaughter plant was 322 km ± 157 and 284 km ± 117, respectively.
After arrival at the commercial slaughter plant (slaughter speed of 400 pigs/h), pigs were kept in the lairage pen for 82 min, on average (ranging from 75 to 90 min), at an average density of 0.76 m2/pig (ranging from 0.65 to 0.88 m2/pig). During lairage, water was available at all times through nipple drinkers. Pigs were water sprinkled for 10 to 15 min before the end of lairage and were driven in groups to the electrical stunner (head-to-chest electrical stunning). After stunning, pigs were exsanguinated in the prone position.
Audit Protocols at the Farm
Over the period from October 2012 to January 2013, the 12 selected farms were audited once, 1 wk before slaughter, by 2 trained assessors using the WQ and the ACA audit protocols (WQ, 2009; a CPC, 2011) .
At each farm, 10 pens holding a maximum of 15 pigs (total of 150 pigs per farm) were assessed using the WQ and ACA protocols. These pens were chosen to have the best representation of the farm. The number of sampled pigs was a proportion of the total number of pigs per room (up to 75 pigs/room). Hospital pens were not included in the sampling plan.
Welfare Quality Audit Protocol
The WQ protocol was developed to enable an overall assessment of animal welfare and standardized conversion of welfare measures based on 4 animal welfare principles, such as good feeding (GF), good housing (GHO), good health (GHE), and appropriate behavior (AB), using animal-based measures (Table 3) .
Criteria and individual measures for GHO and GHE conditions and AB are described in Table 3 . To have information about the thermal comfort of pigs in the pen, behaviors, such as shivering, panting, and huddling, were observed before the assessor entered the pen, because these behaviors are more reliably assessed in resting animals.
Coughs and sneezes, measures of GHE, were counted during 5 min and the procedure was repeated at 6 different sampling points randomly chosen in the farm. Each sampling point corresponded to 20 to 40 pigs. The scouring presence was assessed inside the pen and at group level by walking inside the pen and looking for areas presenting diarrhea and fresh feces. Data on mortality rate (excluding euthanized pigs) were obtained from on-farm records of the last 12 mo as per WQ guidelines (WQ, 2009a) .
Appropriate Behavior. Behavioral measures were assessed by averaging the results of social and exploratory behavior (EB) observations, of the human-animal relationship (HAR) test, and of the qualitative behavior assessment (QBA) from 2 trained auditors. Pigs were initially scored as either active or inactive. The following behaviors were recorded from active pigs: positive and negative social behavior, EB, and others (e.g., eating, drinking, etc.). The measure of EB was divided into investigation of the pen and investigation of enrichment material. Social and exploratory behaviors were assessed by means of scan samplings at 3 different observation points (40-60 pigs/observation point) of the farm so as to provide a reliable overall representation of the farm. Each point was observed 5 times consecutively with an interval of 2.5 min between scans (Courboulay and Foubert, 2007) . The HAR evaluation was evaluated according to the fear-of-human test (Courboulay and Foubert, 2007) that allows the assessment of pigs' panic response to human presence by doing 2 laps inside the pen. In this study, this assessment was done in 10 selected pens (each pen evaluated as a whole) at each farm using a 2-point score: 0 = no panic response in the presence of humans and 2 = >60% of the animals in the pen showing panic response in the presence of humans, for example, when pigs faced away from the observer or huddled in the corner of the pen.
The QBA observations were performed at 6 observation points per farm for a total of 20 min as described by Wemelsfelder (2007) . A rating scale was used to score pigs at the group level on the basis of the following 20 different terms: 1 = active, 2 = relaxed, 3 = fearful, 4 = agitated, 5 = calm, 6 = content, 7 = tense, 8 = enjoying, 9 = frustrated, 10 = sociable, 11 = bored, 12 = playful, 13 = positively occupied, 14 = listless, 15 = lively, 16 = indifferent, 17 = irritable, 18 = aimless, 19 = happy, and 20 = distressed. Scores were obtained using a 125 mm long scale. A value on the left side (or minimum) of the scale indicated that the expressive quality of the term was entirely absent in any of the pigs observed, whereas a value on the right side (maximum) of the scale indicated that the given descriptor was dominant across all pigs.
Scores Systems. On farm, the GF, GHO, and GHE principles of the WQ protocol were assessed in the pen or at the individual level using a 3-point scale ranging from 0 to 2, where the score of 0 was awarded if the animal welfare was good, a score of 1 was awarded if animal welfare was compromised, and a score of 2 was awarded when the animal welfare was poor or unacceptable. In some cases, where a condition was either present or absent, a binary scale (0 = absent or 2 = present) was used. The abovementioned score for each criterion was then used to obtain an overall final score using an algorithm of the WQ scoring system (WQ, 2009b) . Briefly, once all the measures have been performed on an animal unit, a bottom-up approach was followed to produce an overall score of animal welfare on that particular unit. The approach was the following: First, the data collected (i.e., values obtained for the different measures on the animal unit using the 0 to 2 scale) were combined to calculate criterion scores; then, criterion scores were combined to calculate principle scores (expressed by a 0 or worst to 100 or best scale). Farms units were then assigned 1 of 4 possible animal welfare category ("Not Classified," "Acceptable," "Enhanced," or "Excellent"), based on reference profiles for the principle scores it obtained.
A list of definitions and descriptions of all assessed WQ parameters and their related scores are shown in Tables 4 and 5, respectively. The AB principle was assessed by counting the number of pigs showing social and exploratory behaviors and scores of QBA and HAR test.
Animal Care Assessment Protocol
The ACA, which is part of the food safety Canadian Quality Assurance program, has been developed by the CPC for the evaluation of staff training, general handling, raising and loading facilities, health, comfort, and nutrition quality of pigs at the farm level. Since 2012, self-auditing through this protocol has become mandatory for Canadian swine producers who want to obtain the accreditation of the quality assurance program of the CPC. The CPC audit protocol criteria and their measures are shown in Table 3 .
On the day of the assessment, ambient temperatures and relative humidity were recorded inside each farm to minimize differences due to ambient variation 
Tail biting
Parameter related to damages to the tail, ranging from superficial bites along the length of the tail to absence of the tail Pumping When the pigs' breathing is heavy and labored and it is easy to see the chest rising and falling with each breath
Twisted snouts
Characteristics of a atrophic rhinitis and can vary in severity from a slight deformity of the snout to severe nasal distortion
Rectal prolapse When internal tissues extrude from the rectum Scouring When the feces become more fluid in consistency than normal Hernias Occurs when there is protrusion of a bodily structure or organ through the wall that normality contains it, resulting in a lump under the skin in the umbilical or inguinal area and standardize records. The ambient quality was evaluated by recording ammonia levels using an ammonia detector (Gasalert NH3 Extreme, model Gaxt-A-DL; BW Technologies, Calgary, AB, Canada) and lighting intensity inside the barn subjectively following the ACA guidelines (CPC, 2011) , which suggest at least 40 lux light intensity for at least 8 h/d.
Audit Protocols at Loading and Transport
Each load was audited for the quality of loading facilities, handler or trucker skills, and animal behavior during handling. The quality of loading facilities were evaluated by filling out a questionnaire reporting the type of flooring and the slope of the loading ramp and the presence of sharp edges in the alleys and loading ramp according to the AMI protocol (Grandin, 2012) . The questionnaire also included an evaluation of farm handler and trucker skills and a note on the handling devices used during LO. The number of falls and slips, indicators of the quality of the ramp design (slippery floor and steep slope), and turning back and reluctance to move (indicators of general fear) were noted according to the WQ protocol (Table 6 ).
The trucks were audited on arrival at the plant by filling out a questionnaire including criteria of the AMI (Grandin, 2012) protocol to evaluate general transport conditions and truck design (Table 7) . Loading density was assessed by recording the truck size and the number and average weight of pigs (expressed as m 2 /100 kg of pig).
Audit Protocols at the Slaughter Plant
Unloading at the Plant. In the unloading area, consisting of the external truck ramp and the unloading dock, the proportion of pigs slipping, falling, turning back, and reluctant to move was noted using the WQ protocol (WQ, 2009a; Table 8 ). Electrical prod use was not allowed during unloading (UN) as required by the internal guidelines of the abattoir. Thermal behaviors, such as shivering and panting, and lameness and sickness (rectal prolapse and hernias) were scored using the WQ protocol (WQ, 2009a) as described in Table 5 . Lameness was scored while pigs were moved through the lairage alley to the rest pens, with observations starting from a preselected site on the unloading dock up to the end of the alley (9.1 m walking distance). The number of dead-on-arrival (DOA) and nonambulatory (NA) pigs was also noted.
Resting Conditions and Handling in Lairage. The assessment of the welfare conditions of pigs while resting before slaughter was done in 6 to 7 lairage/pens per farm using the WQ principles and criteria (WQ, 2009a; Table 8 ).
The audit of handling at the plant was completed by the observation of animal behavior and HAR at the exit of the lairage pen and along the alley leading to the stunning chute area (SCA) using a modified audit protocol, where some criteria of the WQ protocol (WQ, 2009a; Table 8 ) and AMI audit guide (Grandin, 2012) were merged. This protocol included the observation of behaviors, such as falls, slips, turning back, reluctance to move, and highpitched vocalizations (HPV), and the frequency of EP use.
The HAR was assessed by recording animal HPV, which is defined as squealing or screaming at group level while pigs are moved through the SCA (WQ, 2009a) . Two types of measures were taken: 1) "one-zero" sampling, which consists of assessing whether any animal is showing any vocalization during a 20-s period; and 2) instantaneous sampling, assessed if any animal is vocalizing at the end of each period of 20 s. Additionally, when, at the 20th second, only 1 animal was vocalizing, it was considered a "single vocalization." However, if more than 1 animal was vocalizing was considered "multivocalization." The HPV assessment was performed using 4 scans of 4 min each with an interval of 4 min between scans in every group of pigs. 
Reluctance to move
Pig showing reluctance to move when it stopped walking, without moving its head and body and failed to explore for at least 2 s Table 7 . Description of the measures for the welfare assessment of pigs during transport and on arrival at the slaughter plant using the American Meat Institute audit guide (Grandin, 2012) Criteria Stunning Effectiveness. The assessment of the stunning effectiveness, which is a GHE criterion of the WQ protocol (Table 8) , was done by observing the absence of rhythmic breathing (as indicated by the lack of movements of the flanks), corneal reflex (through physical stimulation of the cornea), vocalization, and righting reflex (determined when the animal was not able to hold its head) in 120 pigs/d (60 pigs/truck load or farm) following the WQ protocol (WQ, 2009a) .
Postslaughter Measurements
Exsanguination Blood Lactate. Blood samples were collected from the bleeding wound of 120 pigs (60 pigs from each truck/day) in a plastic cup and lactate level was immediately assessed in duplicate using a hand-held Lactate Scout Analyzer (EKF Diagnostic GmbH, Magdeburg, Germany) by dipping the test strips into a blood sample (2 strips or replicate/animal). The results were obtained in approximately 15 s and are expressed in millimolar concentration.
Carcass Quality Measurements. After slaughter, carcasses were eviscerated, split, and transferred to standard chilling rooms (4°C), where they were kept until the next day. Hot carcass weight was recorded and lean yield was obtained by measuring carcass fat and lean depth lean depth at the third/fourth last rib level by a Destron optical probe (PG-100 model, Anitech Enterprises Inc., Markam, Canada).
The number of skin lesions was counted on 120 carcasses/slaughter day in the cooler at 5 anatomical locations-ears, front (from the head to the back of shoulders), middle (from the back of shoulders to the hind quarters), hind quarters, and legs-as suggested by the WQ protocol (WQ, 2009a) . Each location was scored regardless of the side of the carcass as follows as suggested by the WQ protocol (WQ, 2009a): 0 = no visible skin damage or only 1 lesion greater than 2 cm or lesions smaller than 2 cm, 1 = between 2 and 10 lesions greater than 2 cm, and 2 = any wound that penetrates the muscle tissue or more than 10 lesions greater than 2 cm. The final score took into account the 5 carcass sites scores and one of the possible scores was assigned: 0 = all body parts received a 0 score, 1 = when at least 1 body part was scored as 1, and 2 = when any body part was scored as 2.
Internal Organ Conditions. After slaughter, the presence of pleurisy and pneumonia in the lungs, pericarditis in the heart, and white spots in the liver, indicators of the GHE principle, were assessed by veterinary inspection in all carcasses along the slaughter line following the WQ protocol (WQ, 2009a) .
Meat Quality Measurements. Meat quality was assessed at 24 h postmortem in the longissimus lumborum (LL) muscle (between the second and third last lumbar vertebra) of the 120 pigs that were previously blood sampled by measuring ultimate pH (pHu) by means of a portable pHmeter (model pH 100 Series; Oakton Instruments, Vernon Hills, IL) fitted with a Cole Parmer spear tip electrode (Cole Palmer Instrument Company, Vernon Hills, IL) and an automatic temperature compensation probe. At the same anatomical location, visual color was evaluated using the Japanese color standards (Nakai et al., 1975) , whereas instrumental color (L*, a*, and b* values) was measured with a Minolta Chromameter (CR-300; Minolta Canada Inc., Mississauga, ON, Canada) equipped with a 25-mm aperture, 0° viewing angle, and D65 illuminant after exposing the muscle surface to 15 min blooming time. Drip loss was also evaluated using the filter paper wetness test as described by Kauffman et al. (1986) . Briefly, a filter paper (Whatmann PK100; VWR International Co., Mont Royal, QC, Canada) was placed on the LL muscle cut surface after 10 min of air exposure and weighed using an analytical scale (Sartorius model 1419MP8; Fisher Scientific, Ottawa, ON, Canada) after 3 sec of fluid accumulation on the paper. Percentage of drip loss was calculated by the following equation: percent drip loss = -0.1 + (0.06 × mg fluid). Loins were classified into 5 pork quality categories, namely pale, soft, and exudative (PSE); pale, firm, and nonexudative (PFN); red, soft, and exudative (RSE); red, firm, and (Table 9 ; Correa et al., 2007) .
Statistical Analyses
The results of the on-farm audits were obtained using the WQ scoring system (WQ, 2009b) , where the overall results for the 12 farms are given on 3 levels (criteria, principle, and overall result). In brief, 32 welfare measures on farm were aggregated into 12 criteria and these 12 criteria were aggregated into 4 main animal welfare principles, which, in turn, were aggregated into 1 classification (4 levels). Different types of algorithmic operators were used in this aggregation process: decision tree, weighted sum, linear combination, conversion to ordinal score, least squares spline curve fitting, and a Choquet integral (WQ, 2009a) . The Choquet integral was used to aggregate the 12 criteria into 4 principles using weights to combine the different criteria scores into 1 principle score (expressed on a 0 = worst to 100 = best scale) while limiting the possibility that a poor score of one criterion is compensated for by excellent scores of others. As the WQ protocol was designed to be used universally, considering all kinds of pig raising systems around the world, some criteria known to be largely variable between systems (e.g., age, weights, pen dimension, etc.) had their influence lowered by the use of different weights per criterion in the Welfare Quality calculation of scores (WQ, 2009a) . Hence, this approach allowed the final scores given by the WQ, which are expressed by a 0 (worst) to 100 (best) scale, to be compared between the farms assessed through this protocol, because the assessments are focused more on animal-based rather than the resource and management-based measures. Farms were then assigned 1 of 4 possible assessments ("Not Classified," "Acceptable," "Enhanced," or "Excellent"), based on reference profiles for the 4 principles. All statistical analyses were performed using the Statistical Analysis Software (SAS Inst. Inc., Cary, NC).
Differences in the welfare index (WI), welfare principles data, and animal based-measurements, such as presence of manure on body, bursitis, hernia, mortality rate, and all AB measures, between farm systems were analyzed using the MIXED procedure of SAS in a 1-way ANOVA including the farm system as a fixed effect. For the measures that did not show a normal distribution of residuals, such as wound on body, tail biting, and scouring, the comparison between farm systems was performed using a Wilcoxon Mann-Whitney test with the NPAR1WAY procedure and the WILCOXON option.
Handler's intervention and animal behavior data, such as EP use, falls and slips, reluctance to move, and turning back during LO and turn back and falls during UN, were transformed into percentages, and data analysis was done through an adjustment to the negative binomial distribution using the GLIMMIX procedure of SAS.
The analysis of other observed variables, such as hernias, DOA, and NA pigs on arrival at the slaughter plant, showing a non-normal distribution of residuals was performed with the nonparametric Wilcoxon Mann-Whitney test using the NPAR1WAY procedure as described above. Finally, handler's and animal's behaviors data, such as reluctance to move and slips during UN and turn back, reluctance to move, slip, overlap, EP use, and HPV, with normal distribution were analyzed by the MIXED procedure of SAS in a 1-way ANOVA including the farm system and the driver within farm system as fixed effects.
Skin bruises scores, poststunning consciousness signs data, and the frequency of meat quality classes were analyzed by the FREQ procedure of SAS. More in particular, skin bruise scores were tested using a Cochran-Mantel-Haenszel row mean score statistic, whereas consciousness signs and meat quality classes were tested using a χ 2 to determine differences between frequencies of distribution. Percentages of meat quality classes, bruises, and consciousness signs data, such as corneal reflex and rhythmic breathing reflex, were also analyzed by MIXED procedure of SAS to assess the effects of the farm type and driver within farm type.
Blood lactate, meat quality, and carcass data were analyzed using the MIXED procedure of SAS in a 1-way ANOVA including the farm system and the driver within farm system as fixed effects with the animal as the experimental unit and the week as random effect. Multiple comparisons between means were adjusted with a Tukey-Kramer correction. Spearman correlations were performed using SAS to determine relationships between the on-farm animal welfare audit scores for each assessed audit criterion, animal behavior, skin bruises, blood lactate level, and meat quality traits. A principal component analysis (PCA) was also performed to study 1 PSE = pale, soft, and exudative; PFN = pale, firm, and nonexudative; RSE = red, soft, and exudative; RFN = red, firm, and nonexudative; DFD = dark, firm, and dry.
the relationships between animal behaviors, blood lactate level, and meat quality variation within farm type.
A probability level of P ≤ 0.05 was chosen as the limit for statistical significance in all tests, whereas probability levels of P between >0.05 and <0.10 were considered to be a tendency.
RESULTS AND DISCUSSION

On-Farm Audit Results
Based on the outputs of the WQ scoring system (WQ, 2009b), 4 AWIRS farms (B, C, D, and E) and 3 CON farms (F, H, and I) were assessed as "Enhanced," which means that these farms had good animal welfare conditions, whereas 1 AWIRS farm (A) and 4 CON farms (G, J, K, and L) were assessed as "Acceptable," suggesting that the animal welfare conditions at these farms were slightly above or reached only minimal requirements. No farm was assessed as "Excellent" or "Not classified" in this study.
Animal Welfare Principles
In this study, no significant difference in GF and AB final scores was found between the AWIRS and the CON (P > 0.10; Table 10 ). The lack of difference in GF final scores is not surprising, as pigs raised under North American intensive finishing conditions are usually fed and provided with water ad libitum. The low levels of social behavior and poor HAR test results at all farms may explain the lack of difference in AB scores between farm systems. However, a difference was found between farm types for GHO and GHE principle final scores, with AWIRS farms presenting greater final scores (expressed by a scale from 0 = worst to 100 = best) for GHO (P = 0.001) and GHE (P = 0.006) principles compared with CON farms (Table 10 ).
The differences in animal welfare principle final scores between farm units were only numerical in this study (Fig. 1) . Farm C received the highest score for the GHO (86.9) and GHE (71.9) principles, meaning better housing and pig health conditions at this farm, whereas the lowest score for the GHO principle was found at farms H and K (39.4 for both farms) and the poorest GHE score was recorded at farms K and J (43.3 and 46.5, respectively), meaning that these farms met only the minimum standards for animal welfare required by the WQ protocol (WQ, 2009a) . Interestingly, among CON farms, farm I received a high score for GHO (71.9) and GHE (55.1) principles. The high GHO score may be attributed to the low bursitis incidence (37.3% with scores 1 and 2; data not shown) and the low percentage of pigs showing manure on body (8.0% with score 1 and 2; data not shown) observed at C farm, whereas the better GHE final score at C farm may be related to the numerically lower mortality rate (1.7%) and pneumonia cases (2.1%) compared with the other CON farms (data not shown).
Good Housing Criteria. Within the GHO principle, the proportion of pigs showing bursitis tended to be greater (P = 0.07) at CON farms compared with AWIRS farms (Table 11) . Although bursitis does not produce pain in pigs, its occurrence is an indicator of poor comfort around the resting area and difficult environmental conditions (Courboulay, 2007) . The most likely explanation for the more frequent occurrence of bursitis at CON farms when compared with AWIRS farms may be the greater percentage of slatted flooring (61.1% ± 7.2 vs. 33.0% ± 8.5, respectively; P = 0.03; data not shown) and the lack of bedding ( Table 2 ). The effect of raising pigs on slatted floor on the incidence of bursitis is well documented (Smith, 1993; Lyons et al., 1995; Mouttotou et al., 1999; Guy et al., 2002) and has been associated with the pig's effort to support its weight with the legs on the slat, which is a smaller area compared with a full solid floor (Mouttotou et al., 1997) . This physical effort increases the risk of trauma of the superficial lymphatic vessels and capillaries that eventually results in bursae development (Mouttotou et al., 1997) . The presence of bedding also prevents the risk of bursitis, as it is resilient and nonabrasive substrate for the pigs to rest, walk, and play on (Mouttotou et al., 1997) . These results validate the efficiency of bursitis as a discriminating criterion when auditing farms for the GHO principle as already reported by Temple et al. (2011) at Spanish farms audited using the WQ protocol. As the room temperature at all farms was within the thermoneutral zone for growing pigs (20.0°C, ranging from 17.2 to 22.0°C), no thermal behaviors, such as shivering, panting, or huddling, were observed at any farm and, therefore, the scores did not differ between farm types (P > 0.10).
Good Health Criteria. No difference in lesions on the body, tail biting, scouring, skin condition, and rectal prolapses as assessed on farm was observed in pigs raised at the audited farms in this study (Table 11) . Overall, the better final scores for GHE principle observed in AWIRS are likely due to the absence of pain induced by management procedures, such as tail dock- ing, and the low frequency of pneumonia and pleurisy occurrences observed postmortem (Table 12) . Although AWIRS farms received a higher score for the GHE principle (Table 10) , a greater incidence of umbilical hernias (P = 0.01) and mortality rate (P < 0.001) and a trend for a higher (P = 0.06) proportion of lame pigs were reported at these farms than at CON farms (Table  11 ). The hernias observed at AWIRS farms may be associated to events occurring during the farrowing phase, such as abnormal stretching of the umbilical cord, placing navel clips too close to the skin, and any infection of the umbilical stump, that interfere with the closure of the umbilical cord, resulting in the development of hernias (Straw et al., 2009) . Umbilical hernias may be also related to traumas in the early stages of the postnatal period (9 to 14 wk of age) or may result from hereditary predisposition (Searcy-Bernal et al., 1994; Done et al., 2012) .
The reason for the higher mortality rate at AWIRS farms is hard to explain. The likely explanation may be either the lighter starting weight of AWIRS pigs (7.8 vs. 31.0 kg for the CON farms), as higher mortality rates are usually recorded in younger pigs, or the longer time that AWIRS pigs spent at the farm (153 vs. 103 d). The overall proportion of lame pigs was small at AWIRS farms (Table 11 ).
The difference in the incidence of lameness between farm systems may be attributed to the presence of wet bedding observed at some AWIRS farms (L.M. Rocha, personal observation). Indeed, increased risk of lameness due to hoof softening and damage has been reported in pigs raised on wet and slippery floors (Smith and Robertson, 1971; Grandin, 2010) . However, as a post- 3 NS = Non significant (P > 0.10).
4 HAR = human-animal relationship.
Figure 1.
Welfare Quality principles scores (scale from 0 = worst to 100 = best) by farm unit. AWIRS = animal welfare improved raising system; CON = conventional raising system. mortem assessment of foot lesions was not performed in this study, this interpretation cannot be confirmed.
Appropriate Behavior Criteria. Within the AB criteria, the frequency of pigs showing EB, positive social behavior, and negative social behavior did not differ between raising systems (P > 0.10; Table 10 ). The HAR test also did not identify differences in animal behaviors related to panic between raising systems (Table 11) . However, QBA results showed that CON pigs tended to be more fearful (P = 0.08) and bored (P = 0.06) compared with AWIRS pigs (Fig. 2) . The lack of environmental enrichment at CON farms may explain the different QBA results in this study. According to Wemelsfelder (2005) , boredom is envisaged as resulting from a chronic lack of opportunity for active interaction between animal and the environment.
Animal Behavior
Loading. The WI (expressed by the scale from 0 = worst to 100 = best) at LO tended to be higher P = 0.10) at CON farms compared with AWIRS farms (0.72 ± 0.04 vs. 0.61 ± 0.05, respectively; data not shown). No difference in slips, falls, reluctance to move, turning back, or EP use as single factor was found in pigs loaded at either farm system. However, when LO was performed by driver A, a greater (P = 0.02) proportion of reluctantto-move pigs was observed in both type of farms (Fig. 3) .
This result may be explained by the difference in handling skills between drivers, with driver A standing at the truck gate while pigs were moving forward through the loading dock (L.M. Rocha, personal observation). It has been reported that fear behavior in pigs is strongly influenced by the attitudes the stockperson toward pigs and by his posture and positioning during handling (Hemsworth et al., 1989; Miura et al., 1996; Gonyou, 2000) .
Transport Conditions. Pigs from CON farms traveled longer than AWIRS pigs (4.13 vs. 2.47 h, respectively; P = 0.02; data not shown). However, no difference in the WI during transport was found between transports from AWIRS and CON farms (0.96 ± 0.02 vs. 0.98 ± 0.02, respectively; P = 0.72; data not shown). Therefore, travel time is not expected to have Pericarditis, % 0 0 -NS Pleurisy, % 4.07 6.43 1.40 NS 1 AWIRS = animal welfare improved raising system; CON = conventional raising system.
2 Missing SEM values means that data were analyzed using the Wilcoxon t test.
3 NS = Non significant (P > 0.10).
Figure 2.
Least squares means (SEM) of the qualitative behavior assessment scores by farm type. Conventional raising system (CON) pigs tended to be more fearful (P = 0.08) and more bored (P = 0.06) than animal welfare improved raising system (AWIRS) pigs when approached by humans. A,B,a,b Treatments tended to be significantly different (P < 0.10). Posit. = Positively occupied.
had an impact on the pig welfare in this study, as transport conditions were good. Indeed, LO densities were in compliance with the AMI guide recommendations (0.49 and 0.46 m 2 /pig for AWIRS and CON pigs, respectively). This result confirms that when pigs are transported in comfortable conditions, travel time has no effect on their welfare (Weschenfelder et al., 2012) .
Unloading. When compared with AWIRS pigs unloaded by driver A, AWIRS pigs unloaded by driver B slipped and turned back more (P < 0.001 and P = 0.01, respectively), whereas CON pigs were more reluctant to move (P < 0.001; Fig. 4 ). As unloading facilities are the same for all audited trucks, slips and turning back, both indicators of fear response (r = 0.52, P = 0.009; data not shown), may be explained by the poor handling skills of the driver rather than by the effect of the farm system. According to Dalmau et al. (2009) , the unskillful handler is a major cause of turning back in pigs at UN from the truck. Furthermore, although UN duration did not differ between AWIRS and CON loads (24 ± 2.11 vs. 22.5 ± 2.11 min, respectively; P > 0.10), in this study, driver B tended to unload slightly more quickly than driver A (21 ± 1.49 vs. 24 ± 1.49 min, respectively; P = 0.09) and vocalized more (L.M. Rocha, personal observation) than driver A while handling pigs.
Moreover, a trend for a greater (P = 0.06) percentage of panting pigs from CON farms was observed at UN at the plant compared with AWIRS pigs (1.45 vs. 0.49%, respectively). No effect of driver was found on the number of panting pigs. Overall, 83% (n = 63) of pigs panting at UN were from CON farms and of these, 68% (n = 43) were unloaded from the upper deck of the pot-belly trailer. Conte et al. (2015) reported increased body temperature in pigs transported in this truck location as a consequence of pigs' physical effort to negotiate the ramp feeding this deck. Panting observed at UN in CON pigs is, therefore, a behavioral sign of their poor physical fitness combined with the increased frequency of pneumonia in these pigs (Table  12) , resulting in lower respiration rate and difficulty in meeting oxygen demand after a physical effort.
Neither DOA nor NA pigs or hernias were reported at UN and no effect of farm system was found on the number of pigs presenting prolapses (0.25 ± 0.17 for AWIRS vs. 0.39 ± 0.14 for CON; P > 0.10; data not shown) and lameness (0.75 ± 0.38 for AWIRS vs. 1.28 ± 0.32 for CON; P > 0.10; data not shown) at this stage.
Thermal Comfort in Lairage Pens. In this study, the average ambient temperature during lairage was of 15°C (ranging from 9.5 to 19.5°C). During resting time, AWIRS and CON pigs did not differ in the expression of thermal behaviors, such as shivering (0.5 vs. 1.5, respectively; P > 0.10; data not shown), panting (1.0 vs. 0, respectively; P > 0.10; data not shown), and huddling (3.25 ± 0.68 vs. 4.60 ± 0.57, respectively; P > 0.10; data not shown).
Moving from Lairage to Restrainer. At the end of 82 min lairage, pigs were driven in small groups to the electrical stunner by the slaughter plant staff. Overall, in this study, 11.9% of pigs were prodded while entering in a single line into the restrainer chute (SCA). This EP use is considered acceptable according to the threshold of EP use (25%) set by the AMI protocol (Grandin, 2012) . However, compared with CON pigs, a trend for greater (P = 0.08) EP use was observed on AWIRS pigs in the SCA (Fig. 5) . As no differences were observed for HAR test in this study, the lower easiness to handling these pigs may be either explained by the difference in pigs' previous experience of handling between the 2 farm systems or difference in live weight between AWIRS and CON pigs (Table 2) , with the heavier AWIRS pigs being more difficult to handle. Back-transformed least squares means ± confidence limits of the effects of the raising system × truck driver interaction on behavior of pigs during loading. Pigs from both systems, animal welfare improved raising system (AWIRS) and conventional raising system (CON), were more reluctant to move when handled by driver A at loading (P = 0.02). EP = electric prod.
The greater easiness to handle CON pigs in this study is likely related to their previous experience with the handling (including LO and UN) and transport procedures compared with AWIRS pigs that had none. Following the normal practices of conventional raising conditions, CON pigs were, in fact, moved twice during their life, that is, from farrowing to nursery and from nursery to the growing unit, compared with AWIRS pigs that were transported only once (from the farrowing unit to nursery). Abbott et al. (1997) also reported a greater willingness to move forward before slaughter in pigs being accustomed to walk through the farm alley before transport to slaughter. Studies of pigs' cognitive abilities have reported that pigs may remember a previous handling experience for at least 4 to 5 wk (Abbott et al., 1997; Brajon et al., 2015) . However, the results of this study suggest that pigs may be able to remember previous handling experiences for as long as 15 wk.
The difference in live weight between AWIRS and CON pigs (Table 2 ) also may be a source of variation in the easiness to handle between these pigs. Bertol et al. (2011) also reported that heavier pigs needed more handler interventions during handling than lighter pigs.
Similarly to what was observed at LO and at UN, the farm system × driver interaction influenced the behavior of pigs in the lairage alley between the pen and the stunning chute. A greater proportion of falls and of turning back (P = 0.02 for both) was observed in AWIRS pigs Figure 4 . Back-transformed least squares means of fall and turn back behaviors ± confidence limits. Least squares means (SEM) of the effects of the raising system × truck driver interaction on behavior of pigs during unloading. When pigs from an animal welfare improved raising system (AWIRS) were handled by driver B, greater turning back (P = 0.01), slips (P < 0.001), and reluctance to move (P < 0.001) were observed. CON = conventional raising system. Figure 5 . Least squares means (SEM) of the effects of the raising system × truck driver interaction on behavior of pigs being handled from the lairage pen to the stunning chute area. Animal welfare improved raising system (AWIRS) pigs handled by driver B showed more falls (P = 0.02), whereas pigs driven by driver A showed greater turn back (P = 0.02) and high-pitched vocalizations (P = 0.01). CON = conventional raising system. EP = electric prod; HPV = high pitch vocalization.
transported by driver B and driver A, respectively (Fig. 5) . A greater proportion of AWIRS pigs transported and handled by driver A also displayed a greater percentage of HPV (P = 0.01) than CON pigs at this stage (Fig. 5) . Additionally, the close correlation found between turning back and HPV (r = 0.92, P < 0.001; data not shown) for AWIRS pigs confirms that HPV increases as this negative behavior increases, suggesting that both behaviors are associated to fear response as previously reported by von Borell and Ladewig (1992) and Warriss et al. (1994) .
Stunning Effectiveness. Overall, the signs of consciousness observed after stunning were of low frequency, which indicates the good effectiveness of the stunning system assessed in this study. When comparing the behavior response of AWIRS and CON pigs after stunning, no difference (P > 0.10) in the number of pigs presenting corneal reflex (6.17 ± 0.10 vs. 4.67 ± 0.10, respectively; data not shown) or rhythmic breathing (1.5 vs. 1.0, respectively; data not shown) was found in the percent of pigs showing righting reflex (0.42 ± 0. 26% vs. 0.27 ± 0. 26%, respectively; data not shown) and vocalization (0.07 vs. 0.21%, respectively; data not shown).
Blood Lactate. Exsanguination blood lactate levels were greater (P = 0.03) in CON pigs than in AWIRS pigs (14.3 mM ± 0.40 vs. 13.1 mM ± 0.40, respectively; data not shown), which may indicate a greater resistance to physical exercise and handling in AWIRS pigs. The presence of bedding at AWIRS farms stimulating walking and exploring (Guy et al., 2002; Gondret et al., 2005; Morrison et al., 2007) and may have resulted in greater physical fitness and improved muscle oxidative capacity, reducing lactate production after a physical effort in these pigs (Jorgensen and Hyldgaard-Jensen, 1975; Foury et al., 2005) .
Carcass Quality Traits
When compared with CON carcasses, AWIRS carcasses were heavier (111.08 ± 1.58 vs. 101.7 ± 4.19 kg, respectively; P < 0.001) and slightly fatter as shown by the slightly thicker backfat (18.54 ± 0.42 vs. 16.54 ± 0.42 mm, respectively; P < 0.001) and lower lean percentage (61.09 ± 0.19 vs. 61.98 ± 0.19%, respectively; P = 0.002). These results can be explained by the age of pigs at slaughter, with AWIRS pigs being 50 d older than CON pigs (Table 2 ). The increase in carcass weight and fat content with age is well known (Candek-Potokar et al., 1999; Virgili et al., 2003; Correa et al., 2006) .
Carcass Bruises
Overall, most carcasses (70%) received a bruise score of 1 and 2, meaning that any region of the body presented from 2 to 10 lesions (score 1) or more than 10 lesions (score 2), respectively. However, bruise score frequencies on the carcass were not different between AWIRS and CON pigs (score 0 = 29.7 ± 3.2% vs. 30.1 ± 3.2%, respectively; score 1 = 57.9 ± 2.5% vs. 60.9 ± 2.5%, respectively; and score 2 = 12.3 ± 1.6% vs. 8.9 ± 1.6%, respectively; P > 0.10 for all scores; data not shown). Bruise score frequency on the carcass also was not influenced by driver A or B (score 0 = 28.9 ± 2.92% vs. 30.2 ± 2.92%, respectively; score 1 = 60.1 ± 2.32% vs. 60.2 ± 2.32%, respectively; and score 2 = 11.5 ± 1.52% vs. 9.6 ± 1.52%, respectively; P > 0.10; data not shown).
Health Conditions
No difference in the frequency of white spots on liver and pleurisy as assessed after slaughter was observed in pigs raised at the audited farms in this study (Table 12) .
In CON pigs, the frequency of pneumonia occurrences tended to be greater (P = 0.09) than in AWIRS pigs (Table 12 ) and exceeded the threshold set for this health criterion by the WQ audit protocol (6%; WQ, 2009a). Pneumonia is a disease of the lower respiratory tract that impairs animal health and lowers individual and herd performance (Lawhorn, 1998) . Although the greater pneumonia frequency contributes to explain the lower score for the GHE principle at CON farms compared with AWIRS farms, this difference is hard to explain, as the frequency of coughs and sneezing and ammonia levels were similar between farm types or between farms within farm type in this study (Table 11) .
Meat Quality Traits
In this study, a trend for a lower (P = 0.07) pHu and greater (P = 0.003) drip loss was found in the LL muscle of AWIRS pigs compared with CON pigs (Table 13) . No effect of the raising system was found on any color coordinates, including L* value (P > 0.10).
A greater proportion of PSE and RSE pork (P = 0.006 and P = 0.01, respectively) was observed in AWIRS than in CON loins (Fig. 6) . The greater acidification and exudation rate of AWIRS loins may be related to the higher residual glycogen level in the LL muscle that may be associated to the greater resistance to physical activity of these pigs. Fit muscles generate relatively less ATP through anaerobic pyruvate catabolism when they are submitted to a given work load, which results in lower lactate production and higher residual glycogen in the muscle at the time of slaughter (Petersen et al., 1997) . The higher availability of glycogen for the postmortem glycolysis leads to greater accumulation of lactate in the muscle, finally resulting in extended muscle acidification (lower pHu) and greater exudation. Greater residual glycogen in the muscle resulting in lower meat pHu was reported by Chevillon et al. (2005) and Foury et al. (2005) in pigs raised in enriched housing (i.e., straw bedding) conditions. Klont et al. (2001) also hypothesized the effects of different muscle glycolytic potential when interpreting meat quality variation between pigs kept under enriched environmental conditions compared with conventional ones. However, contrary to our study, these authors reported greater pHu and waterholding capacity values in the loin muscle of pigs raised in enriched housing conditions. Anyway, as the residual muscle glycogen at slaughter was not analyzed in our study or in the Klont et al. (2001) study, further research is needed to validate the different interpretations.
The driver also had an impact on pork quality variation in this study, regardless of the farm system of origin, with the proportion of PFN pork increasing in pigs handled by driver B compared with driver A (25.21 ± 4.19 and 38.66 ± 4.19% vs. 17.5 ± 4.19 and 17.78 ± 4.19% for AWIRS and CON farms, respectively; P < 0.001; data not shown). This result shows the long-lasting effects of poor previous handling experience on pork quality variation. Correa et al. (2010) and Edwards et al. (2011) also reported poor pork quality in pigs handled with EP at LO.
Correlations between On-Farm Audits Scores and Animal Behavior at the Plant
Except for ease of movement, no significant correlation was found between on-farm audit results and animal behavior at the slaughter plant in this study. Better ease of movement recorded by for the assessment of the GHO principle at the farm showed a moderate correlation with reluctance to move at the plant (r = 0.50, P = 0.01; data not shown), suggesting that a greater freedom of movement in the farm pen, such as that observed by the greater final scores obtained by the WQ scoring system ( WQ, 2009b) at AWIRS farms in this study, may result in greater reluctance to move during handling at the plant. Additionally, this result also may be explained by the lower habituation to harsh handling and from a greater adaptation to human interactions due to the frequent contacts with humans during the management operations at the farm (e.g., change of bedding; Grandin, 1987) .
Correlations between On-Farm Audits Scores and Meat Quality Traits
Among the WQ on-farm audit principles, only the GHO principle was significantly correlated with meat quality trait variation in this study, with the greatest relationship being found between GHO and pHu (r = -0.75, P = 0.01; data not shown) and L* value (r = 0.87, P < 0.001; data not shown). Among the GHO principle cri- Table 13 . Effects of on-farm raising system 1 on meat quality traits as assessed in the longissimus lumborum muscle 1 AWIRS = animal welfare improved raising system; CON = conventional raising system. 2 pHu = ultimate pH.
Figure 6. Meat quality classes frequencies between farm types. A greater percentage of PSE and RSE pork was found in AWIRS than in CON carcasses. AWIRS = Animal welfare improved raising system; CON = Conventional raising system. Superscript letters mean that treatments are significantly different (P < 0.001). PSE = pale, soft, exudative; PFN = pale, firm, and nonexudative; RSE = red, soft, exudative; RFN = red, firm, and nonexudative; DFD = dark, firm, and dry.
teria, ease of movement showed the greatest correlations with pHu (r = -0.82, P = 0.001; data not shown) and L* value (r = 0.92, P < 0.001; data not shown). Although the muscle glycolytic potential at slaughter was not measured in this study, the greater incidence of PSE loins recorded in pigs having experienced better housing conditions (e.g., straw bedding, greater space allowance, etc.) at the farm may be explained by their greater energy reserves in the muscle at slaughter.
Correlations between Slaughter Plant Audit Criteria and Meat Quality Traits
The PCA results are shown in Fig. 7 for the first 2 principal components (PC), where PC1 represents 20% and PC2 represents 14% of the total variation within the data set, which includes animal behavior assessed during LO and UN and in the SCA and exsanguination blood lactate content and meat quality traits. In this plot, drip loss, L* value, and slips during UN and at SCA are located far from the origin and on the right of the first PC, showing their contribution in defining this PC in contrast with slips, EP use, and reluctance to move at LO and SCA. The second PC is characterized by the contrast of falls at LO and SCA with HPV and reluctance to move at UN and at SCA. Overall, the PCA results showed that slips at UN and SCA are correlated with the variability in drip loss and L* values. Moreover, these results support the abovementioned correlations found between audit criteria at the plant and drip loss in the LL muscle, with muscle exudation being mostly related to the percentage of slips at UN (r = 0.63, P = 0.001) and in the SCA (r = 0.74, P < 0.001) combined with the EP use in the SCA (r = 0.69, P = 0.002). A correlation of smaller magnitude was also found between the EP use in the SCA and L* value (r = 0.41, P = 0.05) of the LL muscle. Short-term stressors immediately before slaughter may hasten muscle glycogen degradation and often results in a fast pH decline and in an increased muscle temperature by the activation of the glycolytic system just before slaughter (van der Wal et al., 1999; Hambrecht, 2004) . In addition to these factors, the physical effort performed by the pigs may have caused skeletal muscle damages and breakdown of muscle proteins, affecting the protein's ability to bind water after slaughter, which results in exudative meat and tends to increase light scattering, giving higher L* values to the meat (Offer and Knight, 1988) . Principal component analysis results for animal behavior, blood lactate, and meat quality traits by farm type. AWIRS = animal welfare improved raising system; CON = conventional raising system; LO = loading; HPV = high-pitched vocalizations; pHu = ultimate pH; REL = reluctance to move; SCA = stunning chute area; UN = unloading.
Conclusions
On-farm animal welfare audit scores could not explain the variation of pig behavior at the slaughter plant in this study, likely because pig behavior was biased by the handler skills. The results of this study, in fact, evidenced the impact of the truck driver handling skills on pig behavior at LO and UN and highlighted the importance of handler training to improve the easiness of moving pig forward.
Furthermore, on-farm housing conditions (ease of movement) and preslaughter pig behavior (slips) and handler interventions (EP use) during handling in the SCA at the plant, as assessed by the audit protocols used in this study, also contributed to pork quality variation.
The results of this study also showed that whereas pigs raised in welfare-friendly housing conditions may be more resistant to physical exercise, as showed by the lower lactate levels in exsanguination blood, they are also at greater risk of producing pale and/or exudative pork, likely because of the greater residual glycogen content in the muscle at slaughter, providing the favorable conditions for an extended postmortem muscle acidification. The effects of the housing system on meat quality variation may have biased by the differences in live weight or carcass fatness affecting the carcass cooling rate between the farm systems in this study, although the effects of these 2 variables on fresh pork quality reported in the literature are inconsistent. To accommodate the animal welfare needs at the farm and before slaughter and to optimize meat quality, specific on-farm management strategies regulating the glycogen level in the muscle at slaughter should be applied on pigs raised in enriched raising conditions.
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